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Abstract 
This paper presents the application of a new spindle concept for Parallel High Speed Machining (PHSM) such as milling, drilling
and grinding with small tool diameters. These tools are mounted parallel to the main spindle on conventional, CNC- and parallel
kinematic machines, including preliminary machining results. This new and innovative concept for air- or lubricant-driven spindles
enables speeds of up to 90.000 rpm and, in addition, improves micromachining and finishing operations when applied on CNC-and
standard machine tools. This leads to a significant widening of the application range of various machine tools and to an
improvement of productivity by higher efficiency and faster tool- and spindle-change, respectively. 
 
© 2012 Published by Elsevier BV. Selection and/or peer-review under responsibility of Prof. Konrad Wegener 
Keywords: Micromachining; Finishing; Milling; Drilling; Speed; Spindle ;
1. Introduction 
The semi-finishing and finishing of larger precision 
components for prototype-, tool- and die making as well 
as for medical or aeronautical components requires the 
use of relatively large machine tools with a 
correspondingly large work space and high-performance 
spindles. Usually these spindles display a rather low 
maximum speed of approximately 15.000 rpm. 
However, the required rotation speeds are much higher 
in micromachining. 
Currently a high demand can be identified for 
microstructure cavities and engravings used for new 
functional, optical and haptic features. Microstructures 
are also required in communication devices (letters, 
signs, codes, etc.), functional structures (wetting 
behavior, tribological properties, etc.) and many other 
technological surfaces [1]. Typical applications are 
molds, forms and dies (e.g. for injection molding or 
sheet metal forming), identification marks, labeling or 
for the protection against product piracy. Furthermore, 
medical parts (e.g. individual implants), automotive and 
aerospace components, microfluidics and turbine blades
require microstructures and/or defined surface
properties. It becomes apparent that the spectrum of
parts is characterized by very small microstructure
elements (Fig.1 b) but also by larger components with
microstructured areas or by defined surface
modifications (Fig.1 a) [1]. 
 
Fig. 1. (a) Microstructuring of a forming die (Ø300mm) on a 5-axis 
micromaching center (b) very small inner ear implant 
(0.55mm x 0.35mm x 0.5mm) 
On the one hand, the production of large components
with specific surface structures is difficult and
uneconomic due to the requirement of producing these
small and accurate structures on larger parts such as
molds, forms and dies with relatively large machines and
heavy duty spindles. On the other hand, micromachining
centers with their small working area do not allow larger
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or heavier parts [1]. Conventional machine spindles 
normally cannot provide the required high rotation speed 
and only the integration of an expensive high speed 
spindle enables efficient micromachining operations. 
Compared to a standard main spindle for roughing and 
semi-finishing, this solution is uneconomic and 
inflexible because of high investment cost and a 
relatively short productive time of the HSC-spindle.  
2. New HSC spindle system based on actuation by 
compressed air or fluids 
2.1. Design and structure 
The development of a new and innovative air- or 
lubricant driven spindle concept is currently in progress 
[2] within the framework of the EUREKA Research 
Project. This spindle concept may enable speeds of up to 
90.000 rpm. It allows micromachining and finishing 
processes when mounted as an additional spindle on 
conventional or CNC machine tools and leads to a 
significant widening of the application range. Fig.2 
illustrates an overview and cross section of one 
prototype characterizing the spindle concept with a 
shank for clamping, a turbine for actuation, bearings and 
housing. The design enables the use of a wide range of 
replaceable tools clamped directly into the spindle as 
well as the utilization of standard tool clamping devices 
[3].  
 
Fig. 2. Overview and cross section of the new spindle concept [3] 
In order to guarantee process reliability and 
repeatability during machining with this spindle concept 
the design includes some unique features. The spindle 
shank can be clamped as a unit into any available 
standard main spindle device or can be mounted parallel 
to the main spindle. By selection and control of the air or 
lubricant supply it is possible to enable constant high 
machining speeds. The investigations included 
characteristics, performance and optimization potential 
as well as identification and rating of the technological 
potential of the new spindle concept.  
2.2. Performance and efficiency of the new PHSM 
spindle concept 
The results of first tests with different prototypes of 
the spindle concept showed high performance of this 
new and innovative solution. It could be demonstrated 
that the new concept is functioning successfully when 
using the flushing system which is integrated into the
machine tool at a wide range of coolant inlet pressure (6-
35bar). Moreover, the integration of a control device of
the cooling lubricant pressure and the flow rate enabled
to control the rotation speed (RPM) of the new spindle
during operation. Fig. 3a, for example, presents the
relation between the inlet coolant pressure and the
rotation speed. Fig. 3b shows an example of a very thin
fin (<50μm) machined with high accuracy (height
±0μm, width +8μm) and very good surface quality. 
 
 
Fig. 3. (a) The rotation speed as a function of coolant pressure (b) A 
small fin (height 400μm, width 50μm) machined with the new spindle 
concept 
The special experimental setup made it possible to
measure the forces, the power output and to calculate the
torque. Special measuring methods such as acoustic
emission or cutting forces were used to rate the
characteristics and performance of the spindle system
and to give feedback concerning design and dimensions
of the spindles. The machining tests were carried out on
cold working steel 1.2379, using a standard tungsten
carbide end mill with a diameter of 1.0mm. All tests
were carried out at a cutting speed of 75m/min up to a
removal volume of 125mm3. The final measured surface
quality was Rz = 1.3μm and Ra = 0.2μm. Current
investigations of this new and innovative spindle
concept are using different cutting tools and comparing
the new spindle system with other high precision
spindles for micromachining. 
3. Conclusion 
It could be demonstrated that the new and innovative
spindle concept using high pressure cooling lubricant for
micromachining and finishing on conventional machine
tools achieved high performance, good tool life and
good surface quality. The new spindle concept improved
efficiency and performance on CNC- and other machine
tools together with low investment. 
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